Background: Breast-conservation surgery is now commonly used to treat breast cancer. Postoperative breast irradiation reduces cancer recurrence in the breast. There is still controversy concerning the necessity of irradiation of the breast in all patients. Purpose: We present an update of results from a randomized clinical trial designed to examine the efficacy of breast irradiation following conservation surgery in the treatment of women with axillary lymph node-negative breast cancer. The patients were enrolled from April 1984 through February 1989. Initial results were published in 1992 after a median follow-up time of 43 months. It was reported that recurrence of cancer in the breast occurred in 5.5% of the patients who received breast irradiation compared with 25.7% of those who did not. No difference in survival was detected between the two treatment groups. Now that the median patient follow-up has reached 7.6 years, the trial end points have been re-examined and an attempt has again been made to identify a group of patients at low risk for recurrence of cancer in the breast Methods: Eight hundred thirty-seven patients with node-negative breast cancer were randomly assigned to receive either radiation therapy (n = 416) or no radiation therapy (n = 421) following lumpectomy and axillary lymph node dissection. The cumulative local recurrence rate as a first event, distant recurrence (i.e., occurrence of metastasis) rate, and overall mortality rate for the treatment groups were described by the Kaplan-Meier method and compared with the use of the logrank test The Cox proportional hazards model was used to adjust the observed treatment effect for the influence of various prognostic factors (patient age, tumor size, estrogen receptor level, and tumor histology) at study entry on the outcomes of local breast recurrence, distant recurrence, and overall mortality. All P values resulted from the use of twotailed statistical tests. Results: One hundred forty eight (35%) of the nonirradiated patients and 47 (11%) of the irradiated patients developed recurrent cancer in the breast (relative risk for patients in the former versus the latter group = 4.0; 95% confidence interval = 2.83-5.65; P<.0001). Ninety-nine (24%) of the patients in the former group have died compared with 87 (21%) in the latter group. Age (<50
years), tumor size (>2 cm), and tumor nuclear grade (poor) continued to be important predictors for local breast relapse. On the basis of these factors, we were unable to identify a subgroup of patients with a very low risk for local breast cancer recurrence. Tumor nuclear grade, as previously reported, and tumor size were important predictors for mortality. Conclusions: Breast irradiation was shown to reduce cancer recurrence in the breast, but there was no statistically significant reduction in mortality. A subgroup of patients with a very low risk for local breast recurrence who might not require radiation therapy was not identified. [ 
J Natl Cancer List 1996;88:1659-64]
Breast-conservation surgery is now commonly used in the treatment of women with early stage breast cancer. Clinical trials have demonstrated that breast irradiation after surgery substantially reduces the risk for recurrence of cancer in the breast (1-3). From April 1984 through February 1989, a clinical trial was conducted in the province of Ontario, Canada, in which women with breast cancer who were treated by lumpectomy and who were determined to be lymph node negative for cancer metastases by axillary dissection were randomly assigned to receive either radiation therapy or no further treatment (7) . The objectives of this study were to assess the efficacy of breast irradiation in reducing local relapse of cancer in the breast and to identify a group of women at low risk for local breast cancer relapse who might be spared breast irradiation. At a median follow-up time of 43 months, it was reported (7) that breast inradia-tion reduced relapse in the breast from 25.7% in nonirradiated patients to 5.5% in irradiated patients. No difference in survival was detected between the treatment groups. A low-risk group (<10% chance of relapse of cancer in the breast without irradiation) could not be defined. Since publication of that study, results from a similar randomized trial (4) conducted in Italy have been published and results from two earlier randomized trials (2,3) have been updated (5, 6) . Despite the results of these studies, the question is still raised as to whether or not there are subgroups of patients who might be spared breast irradiation (7, 8) .
The Ontario study (7) is unique in that the patients with nodenegative lumpectomy did not receive adjuvant systemic therapy. It is now more than 11 years since the start of the original study and the median follow-up is presently 7.6 years. The purpose of this update is to provide long-term follow-up on the effect of radiation therapy on local recurrence and survival and with additional events to again attempt to identify a low-risk group for local breast cancer relapse.
Methods
Details of the study design have been published previously (/) but will be briefly outlined. From April 1984 through February 1989, consecutive patients with breast cancer treated by lumpectomy and axillary lymph node dissection who had been referred to the Princess Margaret Hospital in Toronto, Ontario, Canada, or the Ontario Cancer Treatment and Research Foundation Regional Cancer Centre in the cities of Hamilton, London, Ottawa, Windsor, and Thunder Bay were approached for entry in the study. For patients to be eligible for inclusion in die study, their tumors must have been less than or equal to 4 cm in diameter and the local excision microscopically complete. Histologic evidence of negative axillary lymph nodes was required. Written informed consent was obtained from all study participants. The study protocol was approved by the institutional review boards of all participating institutions. Patients were assigned according to a prescribed randomized arrangement to one of two regimens: 1) breast irradiation or 2) no irradiation. The randomization was done at each center with the use of sealed envelopes that were maintained in the clinical trials departments of the participating centers. Stratification was by center, patient age (<50 and £50 years), and tumor size (S2 and >2 cm). Patients did not receive postoperative adjuvant systemic therapy.
Surgical Technique
Patients underwent lumpectomy and axillary lymph node dissection. Lumpectomy consisted of complete removal of the tumor and an additional 0.5-1 cm margin of normal surrounding tissue. The resection margins were required to be microscopically free of in situ as well as infiltrating tumor. The incision was to be placed immediately over the tumor to facilitate localization of the primary site, and excessively wide resections were to be avoided.
Staging axillary dissection was done through a separate axillary incision with removal of lymph nodes at levels 1 and 2. Following local breast cancer relapse, further lumpectomy was recommended if feasible and cosmetically sound, although this procedure was not mandatory. In the nonirradiated (control) group, following repeat lumpectomy, radiation therapy was recommended in accordance with the protocol.
Radiation Therapy
Those patients assigned to the radiation therapy regimen received a dose of 4000 cGy given by cobalt 60 over a period of 3 weeks with 16 daily fractions to the entire breast Subsequently, a boost was given to the primary site using a direct field to give a dose of 1250 cGy in five daily fractions. The breast was irradiated by means of a parallel opposed tangential, partially wedged plane of fields. Bolus irradiation was not used. Radiation therapy was started within 12 weeks of surgery.
Follow-up Studies
Following random assignment to treatment, patients in both groups were seen every 3 months until the end of the second year and every 6 months thereafter. Chest x rays and mammograms were performed yearly.
Statistical Analysis
The cumulative local cancer recurrence rate as a first event, distant recurrence rate, and overall mortality rate for the treatment groups were described by the Kaplan-Meier method and compared with the use of the logrank test For the analysis of cumulative local recurrence, if a woman had a distant recurrence (i.e., metastasis) prior to local breast recurrence, her follow-up time was censored at the time of distant recurrence.
The Cox proportional hazards model was used to adjust the observed treatment effect for the influence of various prognostic factors at study entry, e.g., age, tumor size, estrogen receptor level, and tumor histology, on the outcomes of local breast recurrence, distant recurrence, and overall mortality. All P values resulted from the use of two-tailed statistical tests.
Results
Eight hundred thirty-seven patients were randomly allocated to receive either radiation therapy (n = 416) or no radiation therapy (n = 421) (control group). The treatment groups were comparable in terms of base-line characteristics, such as patient age, tumor size, levels of estrogen and progesterone receptors, and tumor differentiation and nuclear grade (1).
Recurrence
One hundred twenty-three (30%) of the 416 patients treated with radiation therapy have experienced recurrent breast cancer compared with 207 (49%) of the 421 control patients (Table 1 ). In the radiation therapy group, 47 patients experienced local breast recurrence and 97 experienced a distant recurrence; the corresponding numbers of patients for the control group were 148 and 128, respectively (Table 1) .
The cumulative rate of local breast cancer recurrence as a first event was greater in the no treatment group than in the radiation therapy group (/ > <.001) (Fig. 1) . The Cox regression analysis showed that there was a statistically significant increase in relative risk (RR) for a local breast recurrence as the first event for the no radiation therapy group compared with the radiation therapy group (RR = 4.0; 95% confidence interval [CI] = 2.8-5.7; /><.0001) ( Table 2) . Age, tumor size, and tumor grade were also independent predictors of local breast cancer recurrence ( Table 2 ). The study protocol did not specify a mandatory treatment approach for the local management of cancer relapse in the breast. In the control patients who had a local breast recurrence, 62 patients underwent a mastectomy, 70 had a lumpectomy plus breast irradiation, 10 had a lumpectomy alone, and six received systemic therapy or no further treatment because of widespread disease. In the radiation therapy group, 26 patients had a mastectomy, 13 had a lumpectomy, and eight received systemic therapy or no further treatment.
The cumulative rate of distant failure (i.e., occurrence of metastasis) was also greater in the no treatment group than in the radiation therapy group (f<.02) (Fig. 2) . The Cox regression analysis showed a statistically significant increase in RR for distant recurrence for patients in the no radiation therapy group compared with patients in the radiation therapy group (RR = 1.4; 95% CI = 1.07-1.8; P = .01) ( Table 2) . Tumor size and grade were also independent predictors of distant failure (Table 2) .
Survival
Eighty-seven (21%) of the patients treated with radiation therapy have died compared with 99 (24%) control patients. There continues to be no difference in the cumulative mortality between the two treatment groups (P = .33) (Fig. 3) . The Cox regression analysis showed an RR for mortality of 1.17 (95% CI = 0.87-1.57; P = .29) for no radiation therapy versus radiation therapy. Tumor size and nuclear grade were important predictors for mortality ( Table 2 ). In the radiation therapy group, 66 patients died of breast cancer and 21 patients died of other causes. The corresponding values for the control group were 81 and 18, respectively. The mortality from breast cancer was not different between treatment groups {P = . 19).
Definition of a Low-Risk Group
On the basis of the results of the Cox model, we considered patients who did not receive radiation therapy and attempted to define a group of patients at relatively low risk of cancer recurrence in the breast. The cumulative rate of local breast recurrence in the 207 patients who were 50 years of age or older and who had tumors of 2 cm or less in diameter was 22% (Table 3) . Similarly, the cumulative rate of local recurrence in the 209 patients who were 50 years of age or older and who had tumors of nuclear grade 1 or 2 was 24% (Table 3 ). There were 93 women with tumors of 1 cm or less in diameter. The cumulative rate of local recurrence was 28.5% in this group.
Discussion
The results of this trial at almost 8 years of follow-up are consistent with those reported earlier (7) . They indicate that in women with node-negative breast cancer who have undergone lumpectomy, breast irradiation significantly reduces the recurrence of cancer but has no impact on overall survival. Consequently, the reduction in local recurrence resulted in an increase in breast preservation. In this trial, there was also a statistically significant reduction in distant failure associated with radiation therapy. Whether this implies a real effect of radiation therapy on systemic recurrence or a potential bias, whereby a local recurrence precipitated a search for metastatic disease, cannot be determined, since no difference in overall or cause-specific survival was detected (7, 2) . Other trials (2-6) that evaluated breast irradiation in women who had undergone lumpectomy also showed a reduction in local breast recurrence but were unable to detect a difference in overall survival between the two study arms. The National Surgical Adjuvant Breast and Bowel Project recently published the 12-year update of trial B-06 (5). The cumulative incidence of tumor recurrence in the breast in women with lymph node-negative breast cancer was 32% in the group treated with lumpectomy alone and 12% in the group treated with lumpectomy and breast irradiation.
A Swedish trial, with a median follow-up of approximately 64 months, reported a recurrence rate in the irradiated group of 2.3% versus 18.4% with no radiation therapy (6). The main differences between this study and ours were that in the Swedish study patients had tumors of less than 2 cm in size and 45% of patients were derived from mammography screening. Surgical resection of the primary tumor was described as a sector resection in which at least one third of the breast was dissected free and the pectoral fascia was removed.
A study from Milan, Italy, compared quadrantectomy versus quadrantectomy plus radiotherapy for the treatment of women with localized cancer of the breast (4) . At a median follow-up of 39 months, quadrantectomy patients had a breast recurrence rate of 8.8% compared with 0.3% in the quadrantectomy plus radiation therapy group. In that trial, patients with positive lymph nodes were entered and received adjuvant therapy. Thus, in both Cumulative mortality rate for patients with node-negative breast cancer who were assigned to receive or not to receive breast irradiation following lumpectomy and axillary lymph node dissection. the Swedish and Italian studies, patients were treated with a wider surgical excision than that normally defined by lumpectomy. The results of those studies suggest that more extensive excision is associated with lower relapse rate, but the cosmetic result would be potentially sacrificed. The fact that radiation therapy reduced the risk of local recurrence, but did not appear to affect overall survival in all of the above studies, remains difficult to explain. It may be that the reduction of local recurrence does, in fact, prevent further systemic spread, leading to a small increase in survival, but because of the limited power of each individual study, a statistically significant difference has yet to be detected. Alternatively, it may be that while radiation therapy reduces breast cancer-specific mortality, it may increase mortality due to non-breast cancer causes, such as ischemic heart disease (9, 10) . Finally, it may well be that despite reducing local recurrence, the high metastatic potential of breast cancer prevents any real benefit from radiation therapy for survival.
The Early Breast Cancer Trialists Collaborative Group (//) recently published a meta-analysis of clinical trials of radiotherapy and surgery in early breast cancer. For the subgroup of patients treated with breast-conserving surgery and randomly assigned to receive radiation or not, they identified four trials (1, 5, 6 ) consisting of more than 3000 patients. Radiation therapy resulted in a reduction of 75% (standard deviation of 9%) in the odds of recurrence in the breast and a reduction of 12% (±9%) in the odds of death. The effect on mortality was not statistically significant (P -.2) . Thus, the meta-analysis suggests that the effect of radiation therapy on survival is likely to be small.
The meta-analysis also examined the effect of radiotherapy following any type of surgery, including mastectomy, on causespecific survival. There appeared to be a reduced risk for death from breast cancer but an increased risk for death from other causes in patients who received radiation therapy. While it is tempting to assume that this may explain the inability to detect a benefit of radiation therapy on overall survival, in the subgroup of patients treated with breast irradiation following lumpectomy, no increase in non-breast cancer deaths was identified consistent with the findings in our study.
In our previous report (/) of this trial, radiation therapy, patient age, and tumor size predicted for local breast cancer recurrence. In the present analysis, tumor nuclear grade was an additional independent predictor for local breast recurrence. On subgroup analysis, we still could not identify a group of patients who are at such low risk for breast recurrence that they could be spared breast irradiation. For example, in women 50 years or older with tumors of 2 cm or less in diameter, the rate of local breast recurrence at 7 years was 22% without radiation therapy. These results are consistent with the findings from a recent prospective cohort study (12) of 82 similarly selected patients treated by lumpectomy alone, where the annual local recurrence rate was 3.6%. It is often stated (8,13) that tumors less than 1 cm in diameter may have a low relapse rate in the breast. In our trial, in patients with tumors of 1 cm or less in diameter, 28 (30%) of 93 control patients developed a breast recurrence. It is important to note that, even if a low-risk group could be identified, radiation therapy is still likely to be effective, and decision making will relate to the degree of benefit that may be gained or foregone.
Since clinical trials still have not demonstrated an impact of breast irradiation on survival, it is imperative that serious longterm morbidity of treatment should be avoided. Excessive skin reactions to radiation therapy will lead to the development of unsightly telangiectasia after 3 or 4 years. Tissue maximums within the treated volume should be carefully noted and kept low. Cardiac irradiation and the inclusion of large volumes of lung within the treated fields should be avoided as much as possible. This can all be accomplished with modern treatment planning and technology. Finally, we have previously reported on the value of tumor size and nuclear grade as predictors of poor prognosis in terms of survival and continue to emphasize that these can be used as prognostic markers for determining the use of adjuvant systemic therapy (1).
